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PREFACE 



A search of the literature disclosed the limited amount of test 
data In the field of combined stress fatigue* This is probably due 
to the difficulties In production and operation of a suitable com- 
bined Stress Fatigue Machine* There are In existence several the- 
ories of failure under combined stresses , but not enough data for 
Intelligent design criteria* 

Between September 1952 and Kay 1953 the author designed and 
built a combined Stress Fatigue Jig to be used in conjunction with 
the Sonntag Universal Fatigue Testing Machine* This work was car- 
ried out at the United States Naval Postgraduate School, Monterey, 
California* 
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SUHMAST 



The objective of this project wan the design and production of a 
combined Stress Fatigue Machine for use at the U. S. Naval Postgraduate 
School. The design was carried out using the Sonntag Universal Fatigue 
Testing machine as the basic component and then producing a mechanism 
which would exert the deaired stresses in a specimen. 

Teats of the completed jig indicate that the assembled machine 
does function as predicted. The results of these tests are included 
as an appendix to this thesis. The error# indicated art attributable 
to the testing technique. It is believed that further calibration and 
testing will be able to reduce these errors greatly. 
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INTRODUCTION 



In an effort to increase the efficiencies of mechanical Appar- 
atus, the trend has been continually to reduce the also and weight 
of machine parts, and to increase spa ads* Kith the evolution of 
smaller and higher speed machinery, the phenomenon of fatigue has be- 
come an ever increasingly important limitation upon design. In the 
last few decades, much information has been gained by extensive re- 
search In the field of simple fatigue, and only recently has there 
been any research in the field of fatigue under conditions of multi- 
ple dynamic stresses. This is a practical trend as most machine parte 
are subject to more than one dynamic stress* In pursuit of this trend, 
the project of the design of equipment to run fatigue tests under mul- 
tiple dynamic stresses mas undertaken. Once haying set upon this prob- 
lem, and analysing the methods of other people in the field, the proj- 
ect narrowed down to the design of a special Jig for the Sonntag SF-1- 
C Universal fatigue Testing Machine, which would produce simultaneous 
dynamic bending and torsion in a specimen. 
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FATIGUE TESTING IN GENERAL 



There are available and In use throughout the world, many dif- 
ferent fatigue testing machines which will give good results for sin- 
pie fatigue* These consist oft bending machines which use rotating 
and non-rotating specimens loaded either in pure bending or as a can- 
tilever, tension-compression machines, and torsion machines* Through 
the years much valuable data has been obtained* Eowavor, this data 
cannot bs transposed to the field of combined stresses with any de- 
gree of adequacy for practical machine design* 

PREVIOUS WORK IN FIELD OF COMBINED STRESS 

Little data is available in the field of fatigue under combined 
stresses, due to the difficulty in producing and operating a combined 
fatigue machine* Gough (6) In England has done extensive work in this 
field using a resonant frequency machine acting on a specimen loaded 
as a cantilever. 




Figure 1 

Schematic Diagram of Gough* a Fatigue Machine 
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FATIGUE TESTING IN GENERAL 



There are available and in use throughout the world, many dif- 
ferent fatigue testing machines which will give good results for sim- 
ple fatigue* These consist oft bending machines which use rotating 
and non-rotating specimens loaded either in pure bending or as a can- 
tilever, tension-compression machines, and torsion machines. Through 
the years much valuable data has been obtained* However, this data 
cannot be transposed to the field of combined stresses with any de- 
gree of adequacy for practical machine design* 

PREVIOUS WORK IN FIELD OF COMBINED STRESS 

Little data is available in the field of fatigue under combined 
stresses, due to the difficulty in producing and operating a combined 
fatigue machine* Gough (6) in England has done extensive work in this 
field using a resonant frequency machine acting on a specimen loaded 

as a cantilever* 







Figure 1 

Schematic Diagram of Gough’s Fatigue Machine 
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This machine use* a standard else specimen of non-constant cross 
t action In tho region under tost, in order to predict with reasonable 
accuracy the stresses in the specimen at the point of failure. Sauer 
(14) did a limited amount of work by using the standard torsion Jig of 
the Sonntag Universal Fatigue Testing Kachine, and by removing the 
bearing adjacent to the torque arm. This machine again used a speci- 
men of non-constant cross section loaded as a cantilever. In each 




Figure 2 

Schematic Diagram of Sauer’s Fatigue Machine 
cas«„ the cantilever loading of the ap c l ten necessitates a necked 
down section of the specimen in order to predict the point of failure 
and the stresses existing at that point. However, as the exact point 
of failure la ft statistical function, not always occurring at the sec- 
tion of minimum cross section, exact determination of the stresses at 
the point of initial failure is impossible. Gough with a specially 
built machine and with a careful choice of specimen shape and else has 
produced excellent reproducible results, which are universally accepted. 
Sauer’s results are of doubtful value because of the limited scope of 
test, and his failure to show adequately that the induced stresses were 
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as specifl. d. In short, his jig had two degrees of freedom while the 
theory only considers one. It is perhaps significant that a large 
percentage of his specimens failed in the grips. 

DE3IRSD FEATURES IN NBf TESTING MACHINE 

In the design of a combined fatigue machine, there are many dif- 
ferent conditions which must be satisfied. First it is desirable to 
use as many components **on hand" as possible from a standpoint of sim- 
plicity and economy. Secondly, it is desirable to have the specimen 
subjected to a dynamic force of constant amplitude rather than a con- 
stant amplitude of motion. This is desirable, because any change in 
physical properties or yield in a specimen of the constant amplitude 
of oscillation type specimen during a test will result in a test of 
unknown parameters. This leads directly to the desirability of using 
the Sormtag SF-l-U Universal Fatigue Testing Machine. This machine is 
capable of exerting a sinusoidal dynamic force varying in amplitude 
from zero to 1000 pounds, regardless of the rigidity of the test spec- 
imen. In addition this machine may be given a preset static force of 
from zero to 100*0 pounds. Therefore the maximum setting would be sinu- 
soidal force with peaks values of zero and 2000 pounds. In addition, 
the large table top of this machine with prevision for fastening down 
various jigs provides a very flexible system for utilizing its full 
capabilities. 

It is considered desirable to produce the tension in the specimen 
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by placing the test section in pure bending, to eliminate some of the 
undesirable features of previous Machines which load the specimen as 
a cantilever. In addition the Jig should be so designed that the 
stresses in specimen may be varied from pure tension (bending) to pure 
torsion ao any desired ratio may be obtained. In view of the require- 
ments the Sonntag Universal Fatigue Testing machine was chosen as the 
basic component of the combined fatigue testing machine. 

THBORT OF SONNTAG DKXVE83AL FATIGUE TESTING MACHINE 




Figure 3 

Sonntag Universal Fatigue Testing Machine 
The function of the Sonntag Universal Fatigue Machine is to apply 
a vertical vibratory force to any specimen attached between the heavy 
stationary frame (C) and the reciprocating platen (F). This force can 
have any static component from zero to 1000 pounds either in tension or 
compression and any alternating component from zero to 1000 pounds. 

Nhen operating in tension or compression alone, it is possible to have 
a m a x i mu m vibrating load fluctuating from sero to 2000 pounds* 
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The alternating force la produced by the unbalanced rotating mass 
(D) which Is supported In the oscillating frame by two bearings* This 
mass is rotated through flexible couplings by an 1800 RFK synchronous 
motor (I)* The amount of dynamic force exerted on the platen is set 
by adjusting the amount of eccentricity of the mase (D). Only the 
vertical component of this unbalanced force is exerted upon the speci- 
men* The horizontal components are absorbed by guides with elastic 
hinges (S)* 

The Compensator springs (£) have one end attached to the oscil- 
lating frame and the other end attached to a plate which is in turn 

/ 

solidly fixed to the stationary frame. The purpose of these springs 
is to absorb all unknown inertia forces produced by the reciprocating 
masses and prevent these inertia forces from reaching the specimen* 

In order to function properly, the rigidity of the compensating springs 
is such that ths natural frequency of the spring together with the re- 
ciprocating mass without specimen is the same as the operating frequen- 
cy, 1300 cycles per minute* To accomplish this, provision is made for 
adjusting the mass to give resonance. 

Preload is applied by adjusting the screv (K) which will place an 
initial tension or compression on the compensating spring* In addi- 
tion there are micro switches to shut off the motor when the specimen 
fails and a counter to record the number of stress cycles to failure. 
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Figure 4 

Schematic Drawing of Inertia Force Compensator 
The schematic drawing of the testing machine ae shown has the 
following equation of motion t 

M ~t- K X - Po A^vc- UJ'C 

where K = Kg K,, 

K t = spring constant of specimen 
K c z spring constant of compensating springs 
X = displacement of Hass M 
The steady state solution of this equation is* 



X r X 0 **'*•«' - — 



uPC 



K- M co' 



Considering only peak values and substituting 



Kg-t-Kg for K we have* 



X© = o 

(K c + * s )- XU 4 
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however by design K c = H 



Therefor® Xq = **o 

K « 

Thus the force exerted on the specimen is that produced by the 
oscillating force irrespective of specimen rigidity of the specimen 
changes* 

The mass of the reciprocating system was adjusted to give reso- 
nance without the specimen in place* The small additional rigidity 
of the specimen will raise the natural frequency of the system slightly* 
This is desirable to Insure that the force and displacement are always 
in the proper phase* 

The machine is driven by a synchronous motor to insure that the 
frequency of the forcing function is constant throughout the test* As 
the rigidity of the springs is fixed in manufacture some means of 
tuning the system must be provided* This is accomplished by adding 
timing weights to the reciprocating frame such that the total mass# 
without specimen will place the system in resonance* 

EFFECTS OF DAMPING 

This analysis of the Universal Fatigue Testing Machine assumes 
that the vibrating system possesses zero damping* In hi 3 analyeis of 
the machine B« J* Lazan (9) says# "In practically every case the damp- 
ing in the system is sufficiently low to make the resulting errors 
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negligible”. However the internal damping of all parts and particu- 
larly the inherent non-linear damping characteristics of anti-friction 



bearings cannot be so lightly ignored. 
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Figure 5 

Schscatio of System with Caging 



If m consider ell damping to be external viscous dmaping and 

analyst the system thoroughly# then the relative significance of this 

damping can be determined. 

The equation of notion of this system 1st 

M .45L y. j(S -hK*-Pa oSt. 

difc?~ 

Hie steady state solution of this its 
X = fo xu**. (^ust. — /rf ) 

tW ' 1 JgjO 
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From this it may bo seen that the amplitude and hence the stresses 
in the specimen are no longer directly a function of the rigidity of 
the specimen and the forcing function. The significance of the error 
thus introduced into the system must be checked by some other means. 

A check 'mss made of the damping characteristic of the machine in 
three conditions i the machine alone, with the 15 1/4* torsion jig in- 
stalled without a specimen, and the 15 1/4* torsion jig with an alumi- 
num specimen. This was accomplished by placing an SR- 4 strain gage on 
one of the elastic hinges of the machine and using the signal of this 
gage to operate a brush recorder. Then by causing the system to osci- 
llate by compressing the soap creating springs and releasing, the 
following damping coefficient were determined. 

Machine alone 0.05 

Toraion jig without specimen K* 0.125 

'f'orsio?! jig with alnminw* Specimen K* 0.130 

where amplitude X ■ XqC ~ 

To convert to the derived function B: 




Assuming the spring constant K # ^10,000 lb par in. 
and the logarithmic decrement I ^ 0- f 
then by symplifying * 
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Then the expression approach K to within one part 

1 

in 10 and can be considered equal to K # with negligible error. Thus the 
damping in the standard Sonntage Fatigue Jig is considered negligible* 

It is a reasonable assumption that the damping in the new jig will 
be of the same order of magnitude as in the existing machine and there- 
fore be negligible* However, this will be thoroughly tested upon com- 
pletion of the new jig* 

The use of the Sonntag Universal Fatigue Testing Machine imposes 
several limitations* First the equivalent weight of the system must 
be within the limits of compensation of the machine (15*4 lbs*)* Sec- 
ondly the maximum amplitude of oscillation must not exceed 0*44 inches* 
Thirdly, the stress ranges desired in the specimen must be within the 
capability of the forces available* 
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DETAILS OF JIG DESIGN 



The method chosen to accomplish the desired loading upon a specimen 
consists of mounting the specimen ever the oscillating platen and sup- 
porting it with self aligning bearings which ore attached to the platen* 
Attached to each end of the specimen is an era which is capable of being 
swung in an arc to give any desired angle with the axis of the specimen* 
The ends of these arms are attached to the table top of the stationary 
frame. 

A bending stress is imposed on the specimen by causing equal and 
opposite bending moments on the ends of the specimen* The moment is 
created by arms which have one end fastened to the fixed frame of the 
machine and one fixed to the oscillations platen* By symmetry the forces 
are exerted equally on the two lever systems to that the specimen is 
placed in pure bending* A torsional stress is imposed through the same 
system* If the levers lie perpendicular to the axis of the specimen and 
are placed symmetrically, then as a vertical force is exerted on the 
platen this will cause a torsional force to be exerted upon the speci- 
men* If the lever arms are placed in a positon between the axis of the 
specimen and perpendicular to the axis, then the combined stresses will 
be exerted on the specimen in a proportion which may be readily de- 
termined from the geometry of the system* These stresses will bear the 

\ 

same ratio for static as well as dynamic forces* 

The bearing at the ends of the specimen must be capable of exerting 
a vertical force necessary to produce the required couples, but it also 
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Rust permit the bending and torsion to be fully transmitted to the 
specimen. For this reason self aligning bearings are used at this 
point. As the stresses in the specimen are changed and it deflects 
there is a small change in the axial length of the specimen. To 
eliminate any unknown axial forces, one of the vertical members hold- 

\ 

ing these self aligning bearings must be made free to travel along the 
axis, while still exerting its vertical force. This is accomplished by- 
hinging one of the bearing holders at the platen so that this second 
order motion can take place freely. Similarly deflection of the speci- 
men will result in the motion of the extremity of the lever along its 
own axis in addition to the small motion along the axis of the speci- 
men. As it is desirable to exert only a vertical force, self aligning 
bearings are placed at both ends of each holding down link. 






/ 
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X 



A 



Schematic Drawing of Fatigue Jig Loading 
The force F 0 Sin wt is exerted on the specimen (S) through two 
self aligning bearings (&) mounted on either end of the specimen. This 
force is resisted by the two symetrically located torque arms.. 
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By virtue of the geometry of thie loading, the bending moment in the 
specimen will be 57 A *' u ' ^ and the moment of torque will be 

A4M< Thereby varying the angle T^the desired pro- 

portions of bending mement and torque, both dynamic and static, from 
pure bending to pure torsion may be exerted on the specimen* 
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Figure 7 

Schematic Drawing of Fatigue dig 
The configuration of the jig ie such that the mass is not con- 
strained so that the end A is forced to oscillate in a vertical path* 
Neglecting the small motion of the hinge B the equation of action of 
this system Is J + £ K _ f> Q o*. . 



The solution of this equation 1st 



X= Xq Sin wt - ^^£ 2 / 0 'C'Xs*-' Uht 

*~'$z 

if - A'fi. a constant, which can be tuned 

for then 



Xi 
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or for peak deflections 



Therefore the inert!* force compensator is still effective for 
this configuration. This system is not entirely accurate as there 
is & small axial motion of the hinges B. However, the error involved 
is negligible as will be shown later. 

The specimen had to be checked so that the bending moments and 
torsional moments could be exerted upon it positively and with no lost 
motion. This was accomplished by having the moments exerted on the 
specimen holders. A tapered collar or collet fits over each end of the 
specimen and seats against a shoulder. The specimen is drawn into the 
specimen holders by a screw at each end which seats the tapered collar 
against a mating taper in the specimen holder. This allows the trans- 
si salon of the moments to the specimen and eliminates the possibility 
of lost motion. 

As shown in the description of the jig it is necessary to use the 
self aligning bearing in order to achieve the necessary degrees of 
freedom. The choice of these bearings was limited by the usual pro- 
blems which are found in the use of antifriction bearing operating 
under reciprocating conditions. Any self aligning ball bearing when 
checked with the formula as recommended by Patterson (12) was cither 
inadequate or too large. The only adequate bearing within the weight 
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limitations were aircraft type self aligning needle bearing* The 
choice of the bearing for the central bearing holder was simplified 
by the fact that similar bearings are used by Sonntag in their bend- 
ing jig. 

In order to meet the requirement that the jig be adjustable from 
pure bending to pure torsion, a false table top was necessary* This 
table top has circular slots to allow continuous adjustment* 

Host oscillating components are manufactured from aluminum in an 
effort to remain within the weight limitations. However, parts such 
as the specimen holders and tapered collets arc made of heat treated 
steel for strength* 

The weak point in this jig is the strength of torque pins (Parts 
#3)* Considering the force per inch of length (F) to be proportional 
to the distance from the center line of the specimen, and a case where 
the force exerted by the vertical link equal to five hundred pounds* 




Therefore the moment at base of the cantilever pin is 



J o- 7 S' 

9 S'/S' (/Y-X.) X /&/*>' 




x - oj/y JJk> /Vo- 
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However, this stress is computed for & cantilever bar with com- 
plete reversal of stress* In fact this soction will not be so stressed 
because the shoulder of the pin will be set solidly against its seat, 
preventing this oscillating stresses from reaching this point of small- 
est cross section* 
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THEORETICAL CHECK OF SONNTAG REQUIRS-IEITS 



It can b« considered that the distortion is concentrated in the 
test specimen, and all other parts are of infinite rigidity. This is 
not true, but is sufficiently accurate to prove that the expected de- 
flections are veil vithin limitations of the Sonntage Universal Fatigue 

Testing Machine* 

I 




Figure 6 

Distortion of Specimen 



The distortion of the test section can be divided into tvo parts. 



One part due to bending, and one part due to torsion* In each case 
the center section can be soneidered as fixed due to the symmetry of 



the' jig* 



For the distortion due to bending 
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Similarly the angle of twist from the center section is 

. X - £LL[ jit* M * ^ 

■ *• GTTcH a 1 ^ ~ r* \ *- 
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The deflection experienced by the machine is relative vertical 
motion between the central self-aligning bearing and the hinge pins 
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at the extremity of the arms. For the caae ef pure bending of a steel 
specimen where it is desired to hare an oscillating tensile stress of 
100,000 PSI 



The length of the am is 7.668 in. 

so force of platen P e - 2 X l ,2^0 . 321 lb. 

7.668 

and the deflection of platen 

S,-- * pV.6 x J 7 - 1- = * 0 0 VAV //0 ’ 

Similarly if aluminum is subjected to the same loading 
0. /A* /A*- 

If it is desired to stress the specimen simultaneously with 
100,000 PSI tensile stress at jz $0,000 PSI shear stress the follow- 
ing will be the case 




- 1,230 lb. in. 



C 



First it is necessary to find the am angle and force ?• 
M s (1.668 &c*or) p - 1230 lb. in. 

Ht « 6 ^ ^ P = 1230 lb. in. 




^ e 56.5° 

P *c 246 lb. 
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Therefore the machine must be set for = 56*5° 



And force P Q « X ^ 

- * f|7^ v J * io 



6 X 



1*1?, 






Ss- 



J7TV X «5tV(f 

o no*t / a >- 



■j+jjw 6 K 



v /A-?o 



IT* 



*3 



similarly for aluminum 

gaJi-- X O-JO '*■ 

If it is desired 1 to subject a steel specimen to a shear stress of 
5 0,000 PSI, again P and Y must be determined 

H = (1.668 -#-6 ^ ) P* 0 j K t = 6 (Sin % ) p s 1230 lb. in. 

106.3° P * 214 lb. 

so setting of machine mill be m 106.3° 
and force P e » 428 lb. 

All of these computations assume no internal damping in the machine 
or in the specimen. As stated before this will be investigated for 
accuracy at a later date. 

To further justify neglecting the motion of the outer hinge first 
consider the inertia force imparted by the arm end link on the specimen. 
By considering the mass of the links concentrated at the ends of links 
as outlined by Ben Hartog (2) in "Mechanical Vibrations" and finding 
the accelerations of the ends neglecting the residual inertia torque, 
the inertia forces can be computed. As the axial inertia force is 
greatest in the pure bending configuration, this will be investigated. 

The concentrated masses will be* 
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Figure 9 

Schaaatio of Jig 



for a vertical diapCLacoeunt of platen of 0*3 Sin 6>o(r £ in., the 
horizontal dlaplaccsaent of the bearing will be Jl £j~ &J 



( where 

A - Q 3 6>ok£ - £.oZ f /<u^ 6° 77 ^ 

7.66% 



expanding into a series 

jL/2-^eJ 









- TiJL 8 toj, t - e-PoodoZl 6> nt 

L ^ " -e/ A 

considering only the first tern as significant the equations of the a 



notion of the pivot ares 



y - 0*0058 Sin 2 6>o 7l*r- 0.0058 Sin 2 



y . 2.18 Sin lBSdr c^iea t 

y s 400 4 t> 2 183 1 - 400 Sin 2 188 1 * 400 <^376t 

Ihe axial inertia force exerted upon the specimen will then be 
e - x <£*»?> 376 ± 

3&6> 
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Thus the specimen has a unifora compressive stress of 15 PSI the 
extremities of the stress stroke* In general the amplitude oscillation 
will be much less and the resultant inertia forces also be much less* 
However even the 15 PSI is within the limit of error of the fatigue 
testing in the range of stresses necessary to produce this deflection 
( fr 240,000 PSI for aluminum)* 

The inertia forces of the jig which are reflected back into the 
inertia force compensator must be within the limit of tuning of the 
machine, as the machine is presently able to accommodate any jig 
with an equivalent weight of 15*4 pounds* To check the expected equiva- 
lent weight of this jig in the pure bending postion, the masses of the 
various links are considered concentrated at the pivot points as be- 
fore. All parts of the jig which are rigidly attached to the platen 
will oscillate with it and so will have an equivalent mass equal to 
their mass* The equivalent mass then for the pure bending condition is 



Aluminum in center 3*75 

2 bearings (CPI) 0*30 

Specimen 0*50 

Weigh- of arm and specimen holder concentrated 
at bearing 6*65 

11*70 lbs. 



As the machine is tuned for an equivalent weight of 15*4 pounds 
then 3*7 pounds of added weight is necessary in this condition to tune 
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the machine to the synchronous frequency. The equivalent weight of 
thie systm will vary slightly from pure bending to pure torsion but 
will be well within the limits of compensation of the machine. 
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ACTUAL CHECK OF OPERATING JIG 



Upon completion of the Jig it was assembled and operated with a 
specimen of negligible weight and rigidity to determine the equivalent 
weight of the Jig in various configurations* This specimen consisted 
of a 1/8" diameter steel rod with a brass adapter on each end to attach 
to the specimen holding bolts* Having the curve of equivalent weights, 
a steel specimen with SR- 4 type A- 7 strain gages, was installed and 
tested* These strain gages were located such that two were located a- 
long the axes of maxLsnsa bending stress, and two along the axes of max- 
imum strain from torsion and along the sero bending strain axes* With 
this configuration the two bending gages were not effected by torsion 
and the two sheer gages were not effected by bending* These gages were 
connected to two channels of a Hathway oscillograph for dynamic strain 
recording* The other half of the bridge circuits consisted of Baldwin 
SR-4 Strain Calibration Units which facilitated the amplitude calibration 
for each run* 

The machine was then operated in various ratios of bending and tor- 
sion and the results computed (see Appendix). The errors found can be 
attributed to the technique of teating* A check of the stresses found 
and the predicted stress would indicate that the torque anas were not 
positioned exactly* For example, consider the readings for 60°. If 
It is assumed that the actual ana angle was 55 3 , the predicted bending 
stress and sheer stress now being <5^ a 19,350 P.S.I. and - 10,400 
P.S.I., then the error involved would be i- 1*8$ for bending and +0*95^ 
for torsion* This will indicate that the araa were not set exactly 
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throughout the test and the actual error Involved la much leas than 
indicated* Further testing and more accurate positioning of these 
arms will undoubtedly reduce these errors considerably. 

\ 



25 



A li * . fi- t ' « * Sni • &.* j 

•-. I-- „ t - 'r .. * . f ' • * / ** 1 *i* j-it-t 




"7.- 
*&>!> CSJtuf 



Jr-: f* • •£ ?-■ *.-> «**.-«<$ - - •f> .‘f/?|. liiw 9SMI 



BIBLIOGRAPHT 



1. A.S.T.M. Manual of Fatigue Testing. 

2. Den Hartog. Mechanical Vibrations 

McGraw-Hill. 1947. 

3* Dolan, T. J. Influence of Shape and Cross Section on 
Flexural Fatigue Strength of Metals* 

A.S.M.E. Transactions 72, July 1950. 

4* Fuller, E. B. & Oberg, T. T. Fatigue Characteristics 

of Rotating-Beam versus Rectangular Cantilever Specimens 
of Steel and Aluminum Alloys. 

Proceedings A.S.T.M. Vol. 47, Page 665 (1947)* 

5. Gensamor, M. Strength of Materials under Combined Stresses. 

6. Gough, H. J., Pollard, H. V. & Clenshaw, W. J. Some 

Experiments on the Resistance of Metals to Fatigue 
under Combined Stresses. 

Aeronautical Research Council. R&K 2522. 

7* Hama, C. V., & Crane, E. Jo Mechanics of Machinery. 
McGraw-Hill. 1938. 

8. Lacan, B. J. Fatigue-Testing Machine. 

Machine Design. May 1947. 

9* Lacan, B. J. Effect of Damping Constants and Stress 
Distribution on the Resonanoe Response of Members. 
A.S.M.E. Paper 52-A-8. 

10. Marin, J. Engineering Materials. 

Prentice Hall. 1952. 

11. Moore, H. F. The Effect of Type of Testing Machine on 

Fatigue Test Results. 

Proceedings A.S.T.M. 1941* Page 133* 

12. Patterson, F. G. Factors when Considering Anti-Friction 

Bearings. 

Product Engineering. Oct. 1950. Pages 141-143* 

13* Boos, P* X., Lemmon, D. C., & Ran son, J. T* Influence 

of Type of Machine, Range of Speed, and Specimen Shape 
on Fatigue Test Data* 

A.S.T.M* Bulletin. May 1949, Pages 63-65* 



26 



* vuai 



•/'-'£ >f T Xao.t*x-rf3»; .jfrsrfii' fi'-Q .S' 

.TAW .11 J! -wjsi'uc:^ 

. *• i,"Uro2; • wc'xO • fjs •• \< 8 ♦!* ,£ 

!(.- ••*58 awaited 

.0 :X V ’ »£T «>">i2o*eariT V.'i.S.A 

•rolial^a* . ^v-cfG S ,S . 

*-ot : i#vwlbN<» 1 «..» s#v ■waa-^nJt^i'CiS So 

.j"' LA -j'thfc.rXA bne l-^J'S lo 
. (TvW) ,T . ', » ,7, 8. A asnJtbseoo^t 

,j. 1**1. > :■' t«N*u, jj>ii - •' "r riisntrjJ'S ,M .{ 

* • .t» «•» ,w<«s> SO .if +K t r 7 .; SIoH x .\ , .K 

1 0Oi+imt*®3. '. i,t .i*j e5n- *2i»x^2 

,*»a ~'J& bar lib ’ ison^ 

. . a# . II *p >0 rl: - -* > ■ »dH X»2i5if6i?«n*A 

•T* ftnJtrfe*-* So gnlrue •* .1 .1 * -ranO .4 .D .,«#». .T 

*v M .HI 1 — /**s o * 

. *.Jtd M • L5«rTH90^25' '5 .T, .3 t ^ss^J 

.T i9I t*M . ■ *nitV.<i' 

ao^.T-i-2 farts a^iAJgaoO . I- mu lo o*>3S2 .1 ,2 x ns*nl 

So &‘-*sr- ;• *sr.-«:o«<3 ©rtf- no «a!5tcf2'i2*Jt£I 

. -A- £5 .S.M.S.A 

*8.C#i: si ,1 ,nirr#£ .01 

•St VI .IIjsH Itij r.:? 

no anldoAM snlte*? *® fSpjT ^ oft Vi® snf? .% .’j I#1 ci. »£i 

. SHU J> ■' 5«»T «*£;.• 

• '■XT .i>CI » -*T.8*A 8'< r iJtb» soi'-i 

rW9 "’Ui.VA *'•> • •* -H ,’. ,\ # ..cvr . }f£& „?J 

'• •*.a . *',V ' . jO . laiT'ani.^jnK 

?«. .., :i<il . . t -oa<- '• 4 ,.o ,<I t nc — -*J ,,X .<? ,io.il» .£1 

•rafA >• t t U»v t t onlr£t*J< It ©q^j* 1© 

• • .i/ .t**T * no 

•* - ■ «5v,f i v , A 1 ' v- .njtialH'i . '.T,'..A 



k £ 



14* Sauer, J. A. A Study of Fatigue Phenomenon under Combined 
Stress • 

Proceedings at the 7th International Contress for Applied 
Mechanics* 1943. 

15* Yorgiadis, A. Non-Linear Specimens in Inertia-Force Compensator 
‘type of Fatigue Machine. 

Baldwin Locomotive Works. Report 90823-3. 



27 



-■ . .'ll 'pi e’l if ! j e a *A • >> 4 %' 2 , U 

. ece^S 

• . .A 1 *• nl t jj. !;*■•* o I ■- e tf .'a •it*t#so r iT 

.» vWI . A • s.'« 

l . i/ c-« .io <-♦,*. .or .4 „• . •»;. Y , X 

, -Iricsl 'i 4 :, *<5X5 

. ' C v - /T j . • H . 1*8 




APPENDIX 



TRANSIENTS 

One of the greatest drawbacks to the Inertia force type of Fatigue 
Testing machines is the presence of transients while bringing the test- 
ing machine up to synchronous speed* In general by the time that the 
transients hare died out the test specimen has an unknown history or 
work hardening* 

Perhaps, one method of eleminating or reducing tnis phenomenon 
would be the addition of a magnetic damping circuit* This would con- 
sist of a strong magnetic field through the platen while the motor is 
being brought up to speed* The magnetic field could then be broken at 
a time that the force is passing through neutral, or reduced gradually 
depending upon the best procedure as deteimined by test* A simple 
electro-magnet could easily be installed inside the cabinet to do just 
this function* 
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JIG SHOWING INSTRUMENTATION 
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2.5575 


190.1 


105.6 


70° 


_ 3.7351 


5.640 . 


1.8677 


2.8200 


151.7 


114.8 


80° 


2.7275 


5.910 


1.3637 


2.9500 


111.0 


120.2 


90° 


1.6855 


6.000 


0.8427 


3.000 


68*4 


122.0 


100° 


0.6435 


5.910 


0.3217 


2.9500. 


26.2 


120.2 


106.3° 


0 




0 


h & m l 


0 


117.0 
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H&UIVALEWT WEIGHT 





Camp. 


Etju. 




Wt. 


Wt. 




0° 


4*4 


11.0 




15° 


4«6 


10.6 




30° 


5.2 


10.2 




45° 


5.6 


9.8 




60° 


5.8 


9.6 




90° 


6.0 


9.4 




106.3° 


6.1 


9.3 
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STRESSES MEASURED ON SPECIMEN 



X 3 


Caiib. Calib. Amp Amp 

Bending Torsion Bending Torsion Bending Torsion Bending Torsion 


" n 0 <> 






2.71 




1*034..... 




1.06 




WH5. 


0.800 


P.945 


.3.075 


0.98 


0.96 


0.259 


0.9S5 . 


0.265 “ 


300(2) 0.76 


1.00 


2.88 


1.02 


0.948 


0,255 


- 0.973 


6.262 




1.10 


1.30 


2.86 


_ 2.34 


0.650 


0.451 


0.667 


0.463 ... 


900 


1 . 06 “ 


1.36 


0.95 


2.80 


0.224 


0.515 


0,230 


0.529 


0 
<r\ 

1 


1£5 


JLaAQ 


6.15 


2j79 


JMBfll 


0J497 


0«$3t6 


0.510 



Assuming X - 29.5 'Vin 2 /*■ - 0.3 



Predicted % error 





£l 


* 




Ir 




7* 


o° 31.300 


0 


31.200 


0 


± 0 .3i__ 


— 


30°a)2_9.100 . 


6.010 


27.950 


6,100 


•+- 4.1 


- 1.5 


30°(2)28.700 


5.950 


27.950 


6.100 


+ 2.6 


- 0.25 


60 ° 19.700 


. 10.500 


19,010 _ 


10.560 


. + 3.5 


- 0.57 


90® 


6,800 


12.000 


6.840 


12.200 


' 0.58 


- 1.6 


106.3° 1.080 


11.600 


0 




C+) 


..1-0 f3k 



7 



f 



Data obtained using 
Baldwin SR-4 Strain Gages Type AR-7 
Hathaway Oscillograph Type 3-15-B 
Baldwin SR-4 Calibration Units 
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10 
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12 
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15 

16 
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20 



PARTS LIST 



No. 

Name Req*d. 

Bearing Holder (fixed) 1 

Bearing Holder 1 

(oscillating) 

Bearing Support 1 

Bearing Support 1 

Specimen Holder 2 

Specimen Holder Sleeve 2 

Specimen Holder Cap 2 

Torque Pin 4 

Bearing 2 

1/2 Bolt 2 

5/16" Key 4 

Qroaee Pitting S 

Torque Arm 2 

Bearing 4 

Hold Dow Pin 4 

Hold Down Link 4 

Lower Bearing Holder 2 

Lower Bearing Cap 2 

Table Clip 4 

Table Top 2 



Material Specification 



24ST 


See Dwg. 


24ST 


See Dwg. 


24ST 


See Dwg. 


24ST 


See Dwg. 


H.T. Steel 


See Dwg. 


H.T. Steel 


See Dwg. 


H.T. Steel 


See Dwg. 


Drill Rod 


See Dwg. 




Torrington 




20NBX2040KF 


H.T. Steel 


1/&Z2QXZ* 




Hex. 


H.T. Steel 






1/8" Press Pit 


61ST 


See Dwg. 




Torrington 




12NBK1830IZP 


H.T. Steel 


See Dwg. 


61ST 


See Dwg. 


H.T. Steel 


See Dwg. 


H.T. Steel 


See Dwg. 


H.T. Steel 


See Dwg. 


H.T. Steel 


See Dwg. 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



5/16" Bolt 


8 


H.T. 


Steel 


5/l6"X24X2£" 

Hex 


7/16" Locknut 


2 


HoT. 


Steel 


7/16" wr 

Elastic Stopnut 


1/4 " Machine Screw 


8 


H.T. 


Steel 


l/4"X20Xl/2" 

Hex. 


1/4" Bolt 


4 


H.T. 


Steel 


l/4"X28Xl£" 






Ilex. 






1/4" Bolt 


2 


H.T. 


CO 

c* 

a 

p. 


l/4 n X28L2" 

Hex* 


1/4" Locknut 


6 


H.T. 


Steel 


1/4" NP 

SLastic Stopnut 


3/l6" Machine Screw 


3 


H.T. 


Steel 


3/l6"X3QX2£" 

Hex. 


3/16" Locknut 


3 


H.T. 


Steel 


3A6" HP 
Elastic Stopnut 


3/8" Bolt 


4 


H.T. 


Steel 


3/8"X24X2£« 
Socket Hex. 


5/8" Bolt 


6 


H.T. 


Steel 


5/8"H8ni" 

Hex. 


3/4" Bolt 


1 


H.T. 


Steel 


3/4"Xl6Xl£« 

Hex. 
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